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LQVLGH WKH YDSRU OLQH DV VKRZQ LQ )LJ E F DQG G ,W LV DOVR REVHUYHG WKDW WKH QXFOHDWLRQ VL]H RI EXEEOH
IRUPDWLRQ LVJHWWLQJUHGXFHGDQGWKHTXDQWLW\RIEXEEOHV IRUPDWLRQ DUH JHWWLQJLQFUHDVHGDVWKHPDVV FRQFHQWUDWLRQ
LQFUHDVHV IURP WR )URP WKH UHVXOWV REWDLQHG WKH ORZHVW WKHUPDO UHVLVWDQFH LV H[SHFWHG LQ/+3XVLQJ 
$O2+2QDQRIOXLG7KHUHDVRQ IRU UHGXFLQJ WKH WKHUPDO UHVLVWDQFHRIKHDWSLSH FDQEHH[SODLQHGDV IROORZV$
PDMRU WKHUPDO UHVLVWDQFHRIKHDWSLSH LVFDXVHGE\ WKHIRUPDWLRQRIYDSRUEXEEOHVDW WKH OLTXLG±VROLG LQWHUIDFH$
ODUJHU EXEEOH QXFOHDWLRQ VL]H FUHDWHV D KLJKHU WKHUPDO UHVLVWDQFH WKDW SUHYHQWV WKH WUDQVIHU RI KHDW IURP WKH VROLG
VXUIDFHWRWKH OLTXLG &ROOLHUDQG 7KRPH7KHVXVSHQGHGQDQRSDUWLFOHV LQVLGHWKHZDWHU WHQGWRERPEDUGWKH
YDSRUEXEEOHGXULQJWKHEXEEOHIRUPDWLRQ7KHUHIRUHLWLVH[SHFWHGWKDWWKHQXFOHDWLRQVL]HRIYDSRUEXEEOHLVPXFK
VPDOOHUIRUIOXLGZLWKVXVSHQGHGQDQRSDUWLFOHVWKDQWKDWZLWKRXWWKHPDVUHSRUWHGE\ 7VDLHWDO  $FFRUGLQJ WR
+XPLQLF HW DO  DV WKHPDVV FRQFHQWUDWLRQ RI VXVSHQGHG QDQRSDUWLFOHV LQFUHDVHV ZLWKLQ WKH EDVH IOXLG WKH
UHVXOWDQWJUHDWHUERPEDUGPHQWRIYDSRUEXEEOHKDVDPSOLILHGWKHDPRXQWRIPXFKVPDOOHUQXFOHDWLRQVL]HRIYDSRU
EXEEOHV IRUPDWLRQ7KLVIDFWLVLQJRRGDJUHHPHQWZLWK WKHDFKLHYHGUHVXOWVLQSUHVHQWVWXG\
7KHUPDOUHVLVWDQFHDQDO\VLV
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)URPWKHJUDSKLWLVREVHUYHGWKDW WKH 5W RI /+3 FKDUJHGZLWK $O2+2
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SHUIRUPDQFHLQVWHDGRISXUHZDWHU 7KLVLVGXHWRWKHIDFWWKDWWKHVXVSHQGHGQDQRSDUWLFOHVLQD IOXLGIORZFDQ
LQFUHDVHERWKWKHWKHUPDOFRQGXFWLYLW\RIIOXLGDQGFRQYHFWLYHKHDWWUDQVIHUIURPIOXLGIORZWRWKHZDOO DVUHSRUWHG
E\ :DQJ HWDO DQG ;XDQDQG /L ZKLFKUHVXOWVLQWKHUHGXFWLRQRI 5W RIWKH/+3FKDUJHGZLWK $O2
+2 QDQRIOXLG DVGLVFXVVHG LQ WKHSUHVHQWVWXG\ $PLQLPXPYDOXHRI WRWDO WKHUPDO UHVLVWDQFHZDVIRXQGDWPDVV
FRQFHQWUDWLRQRIZKLFKLV  &:,QWKHLQWHULPWHVWUHVXOWVVKRZHGWKHDYHUDJHGHFUHDVHRI  DW
QDQRSDUWLFOHPDVVFRQFHQWUDWLRQVUDQJLQJIURPWRLQ 5W RI /+3DVFRPSDUHGZLWKSXUHZDWHU ZKLFK
SURYHVLWVHOIDVDVXSHULRUKHDWWUDQVIHUZRUNLQJIOXLGIRU /+3 +RZHYHUWKHGHFUHDVHGLQ 5W EHFRPHVLQVLJQLILFDQW
RU DOPRVW UHPDLQ FRQVWDQW DV WKHSDUWLFOHPDVV FRQFHQWUDWLRQ LQFUHDVHG IXUWKHU IURP WR DV FRPSDUHGZLWK
 7KXV WKHUH ZDV DQ RSWLPDO SDUWLFOH PDVV FRQFHQWUDWLRQ ZKLFK ZDV DERXW  IRU WKH /+3 FKDUJHG ZLWK
$O2+2 QDQRIOXLG LQWKHSUHVHQWH[SHULPHQW %DVHGRQWKHREWDLQHGUHVXOWVLQWKHSUHVHQWVWXG\WKHWHVWUHVXOWV
LQGLFDWHWKDWQDQRSDUWLFOHPDVVFRQFHQWUDWLRQKDVVLJQLILFDQWHIIHFWRQ 5W RIWKH /+3
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)LJ 7UDQVLHQWWHPSHUDWXUHGLVWULEXWLRQRI /+3FKDUJHGZLWK$O2+2QDQRIOXLGVDWGLIIHUHQWPDVVFRQFHQWUDWLRQV
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7DEOH  LOOXVWUDWHV WKH FRPSDULVRQ RI H[SHULPHQWDO DQG VLPXODWLRQ UHVXOWV DW VWHDG\ VWDWH IRU /+3 XVLQJ
$O2+2 QDQRIOXLG ZLWK SDUWLFOH PDVV FRQFHQWUDWLRQ RI  7KH JRRG DJUHHPHQW LQGLFDWHV WKH YDOLGLW\ RI WKH
SUHVHQW PHWKRGRORJ\ IRU WKH WKHUPDO DQDO\VLV RI WKH /+3 +RZHYHU D GHWDLOHG VLPXODWLRQ E\ LQFRUSRUDWLQJ WKH
PXOWLSKDVHIORZZLWKLQWKH/+3PD\\LHOGSUHGLFWLRQVWKDW DUHPRUHUHDOLVWLF,WLVVHHQWKDWWKHSUHGLFWHGWUDQVLHQW
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,QWKHSUHVHQWVWXG\H[WHQVLYHH[SHULPHQWDODQG)(0VLPXODWLRQLQYHVWLJDWLRQVRQWKH/+3DUHSHUIRUPHG
7KH/+3ZKLFKLVPDGHRIWUDQVSDUHQWSODVWLFWXEHLV WKHXQLTXHIHDWXUHRIWKHFXUUHQWVWXG\XVHGWRYLVXDOL]HWKH
IORZSDWWHUQV$V QDQRSDUWLFOHPDVV FRQFHQWUDWLRQ LQFUHDVLQJ WZR GLIIHUHQW IORZSDWWHUQV DUH REVHUYHG XQGHU WKH
VDPHKHDWLQSXWSRZHU LQWKHYDSRUOLQH7KH\DUHVOXJDQG EXEEO\7KHWKHUPDODQDO\VLVRIWKH/+3 FKDUJHG ZLWK
$O2+2 QDQRIOXLG ZLWK SDUWLFOH PDVV FRQFHQWUDWLRQ UDQJHG IURP  WR  LV VWXGLHG 7KH UHVXOWV RI WKH
VLPXODWLRQVKRZHGWKHSRVLWLYHLQIOXHQFHRIQDQRIOXLGXWLOL]LQJDVDKHDWSLSHZRUNLQJIOXLGRQWKHV\VWHPWKHUPDO
SHUIRUPDQFH ,W LV IRXQG WKDW WKH 5W RI/+3GHFUHDVHVZKHQ SDUWLFOHPDVV FRQFHQWUDWLRQ RI $O2+2 QDQRIOXLG
LQFUHDVHV +RZHYHU WKHUHH[LVWHGDQRSWLPDOFRQFHQWUDWLRQRIDWZKLFK WKHUHGXFWLRQ LQ 5W LVQRWDSSDUHQWRU
UHPDLQV FRQVWDQW WKHUHDIWHU $SDUW IURP WKH VWXG\ RQ WKHUPDO UHVLVWDQFH WKH WUDQVLHQW WHPSHUDWXUH GLVWULEXWLRQV
REWDLQHG IURPH[SHULPHQW DQG)(0VLPXODWLRQ DUH IRXQG LQ JRRG DJUHHPHQW7KH/+3 FKDUJHG ZLWK $O2+2
QDQRIOXLG \LHOGV ORZHU ZDOO WHPSHUDWXUH GLIIHUHQFHEHWZHHQHYDSRUDWRUDQGFRQGHQVHU DQG UHDFKHV LWVVWHDG\VWDWH
IDVWHUWKDQ/+3 FKDUJHGZLWK SXUHZDWHU$VWKHXVHRIQDQRIOXLGLQKHDWSLSHLVJDLQLQJDWWUDFWLRQLQDQLPSHWXRXV
GHYHORSPHQWRI WHFKQRORJ\LQWKLVVSKHUHDQGDFFRPSDQLHGE\DFRQVWDQWO\JURZLQJDPRXQWRIKHDWGLVVLSDWHGE\
IXQFWLRQDO FRPSRQHQWV IRU LQVWDQFH VXFK DVGHVNWRS3&&38V WKHSUHVHQW VWXG\ZRXOGGHILQLWHO\RSHQZD\V IRU
IXUWKHUUHVHDUFK
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RI0DOD\VLDIRUWKHSURYLVLRQ
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